Abstract: This paper analyzes the macroeconomic implications of real-indexed bonds, indexed to the terms of trade or GDP, using a general equilibrium model of a small open economy with financial frictions. Although indexed bonds provide a hedge to income fluctuations and can thereby mitigate the effects of financial frictions, they introduce interest rate fluctuations. Because of this tradeoff, there exists a nonmonotonic relation between the "degree of indexation" (i.e., the percentage of the shock reflected in the return) and the benefits that these bonds introduce. When the nonindexed bond market is shut down and only indexed bonds are available, indexation strengthens the precautionary savings motive, increases consumption volatility and deepens the impact of Sudden Stops for degrees of indexation higher than a certain threshold. When the nonindexed bond market is retained, nonmonotonic relationship between the degree of indexation and the benefits of indexed bonds still remain. Degrees of indexation higher than a certain threshold lead to more volatile consumption than lower degrees of indexation. The threshold degree of indexation depends on the volatility and persistence of income shocks as well as on the relative openness of the economy.
Introduction
Liability dollarization 1 and frictions in world capital markets have played a key role in the emerging-market crises or Sudden Stops. Typically, these crises are triggered by sudden reversals of capital inflows that result in sharp real exchange rate (RER) depreciations and collapses in consumption. Figures 1 and 2 and Table 4 In an effort to remedy Sudden Stops and smooth macroeconomic fluctuations, Caballero (2002) and Borensztein and Mauro (2004) propose the issuance of state-contingent debt instruments by emerging-market economies. Caballero (2002) argues that crises in some emerging economies are driven by external shocks (e.g., terms of trade shocks) and that, contrary to their developed counterparts, these economies have difficulty absorbing the shocks as a result of imperfections in world capital markets. He argues that most emerging countries could reduce aggregate volatility in their economies and cut precautionary savings if they possessed debt instruments for which returns are contingent on the external shocks that trigger crises. 1 Liability dollarization refers to the denomination of debt in units of tradables (i.e., hard currencies). Liability dollarization is common in emerging markets, where debt is denominated in units of tradables but partially leveraged on large nontradables sectors.
2 See Figures 1 and 2 and Table 4 for further documentation of these empirical regularities (see Calvo et al., 2003 , among others for a more detailed empirical analysis). 3 Precautionary savings refers to extra savings caused by financial markets being incomplete. Caballero (2002) points out that precautionary savings in emerging countries arise as excessive accumulation of foreign reserves.
indexed to the exogenous income shock only, the insurance markets are only partially complete.
To achieve complete markets, either the full set of state-contingent assets, such as Arrow securities, must be available (i.e., there are as many assets as the states of nature) or the returns of the bonds must be state contingent (i.e., contingent on both the exogenous shock and the debt levels; see Section 2.1 for further discussion). Although indexed bonds partially complete the market, the hedge they provide is imperfect because they introduce interest rate fluctuations.
The quantitative analysis establishes that the interaction of these two effects implies a nonmonotonic relation between the degree of indexation of the bonds and the overall benefits that indexation introduces. Therefore, as mentioned above, indexed bonds can reduce precautionary savings, the volatility of consumption, and the correlation of consumption with income only if the degree of indexation is lower than a critical value. 4 The changes in precautionary savings are driven by changes in the "catastrophic level of income." Risk-averse agents have strong incentives to avoid attaining levels of debt that the economy cannot support when income is at catastrophic level. 5 Otherwise, agents would have non-positive consumption in the worst state of the economy which in turn would lead to infinitely negative utility. The degree of indexation has a significant effect on the state of nature that defines catastrophic levels of income and whether these income levels are higher or lower than what they would be without indexation. With higher degrees of indexation, these income levels can be determined at a positive shock; for example, if agents receive positive income shocks forever, they will receive higher endowment income but will also pay higher interest rates. My analysis shows that for higher values of the degree of indexation, the latter effect is stronger, leading to lower catastrophic income levels. This effect in turn creates stronger incentives for agents to build up buffer stock savings.
The effect of indexation on consumption volatility can be analyzed by decomposing the variance of consumption. (Consider the budget constraint of such an economy: c t = (1 + ε t )y − b t+1 + (1 + r + ε t )b t . 6 
Using this budget constraint, var(c t ) = var(y t ) + var(tb t ) − 2cov(tb t , y t )).
On one hand, for a given income volatility, indexation increases the covariance of trade balance with income (since in good (or bad) times indexation commands higher (or lower) repayments 4 The nonmonotonic relation with the degree of indexation and the benefits that indexation introduce still goes through if the nonindexed bond market is retained. See Section 2.3 for details. 5 The largest debt that the economy can support to guarantee non-negative consumption in the event that income is almost surely at its catastrophic level is referred to as natural debt limit. 6 Here, b is bond holdings, r is risk-free net interest rate, y is endowment income, ε t is the income shock, and c is consumption.
to the rest of the world), which lowers the volatility of consumption. On the other hand, indexation increases the volatility of the trade balance (because of introduction of interest rate fluctuations), which increases the volatility of consumption. My analysis suggests that at high levels of indexation, the increase in the variance of the trade balance dominates the increase in the covariance of the trade balance with income, which in turn increases consumption volatility. 7 To understand the implications of indexed bonds on Sudden Stops, I introduce them into a two-sector economy, which incorporates financial frictions that can account for the key features of Sudden Stops. In particular, the economy suffers from liability dollarization, and international debt markets impose a borrowing constraint on the small open economy. This constraint limits debt to a fraction of the economy's total income valued at tradable goods prices. As established in Mendoza (2002) , when the only available instrument is nonindexed bonds, an exogenous shock to productivity or to the terms of trade that renders the borrowing constraint binding triggers a Fisherian debt deflation mechanism.
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A binding borrowing constraint leads to a decline in tradables consumption relative to nontradables consumption, inducing a fall in the relative price of nontradables as well as a depreciation of the RER. The decline in RER makes the constraint even more binding, because it creates a feedback mechanism that induces collapses in consumption and the RER as well as a reversal in capital inflows.
The tradeoffs mentioned in the frictionless one-sector model are preserved in the two-sector model with financial frictions. Moreover, in the two-sector model, the interaction of the indexed bonds with the financial frictions leads to additional benefits and costs. Specifically, when indexed bonds are in place, negative shocks can result in a relatively small decline in tradable consumption; as a result, the initial capital outflow is milder and the RER depreciation is weaker than in a case with nonindexed bonds. The cushioning in the RER can help contain the Fisherian debt deflation process. Although the indexed bonds help relax the borrowing constraint in case of negative shocks, this time, an increase in debt repayment following a positive shock can lead to a larger need for borrowing, which can make the borrowing constraint suddenly binding, triggering a debt deflation. Quantitative analysis of this model suggests, once again, that the degree of indexation needs to be lower than a critical value to smooth Sudden Stops. When indexation is higher than this critical value, the latter effect dominates the former, hence leading to more detrimental effects of Sudden Stops. The degree of indexation that minimizes macroeconomic 7 I explain my motivation as to why I focus on the case where agents can issue only indexed or only nonindexed bonds at a given time and as to why I use this specific functional form for the bonds return in Section 2. fluctuations and the impact effect of Sudden Stops depends on the persistence and volatility of the exogenous shock triggering Sudden Stops as well as the size of the nontradables sector relative to its tradables sector; this finding suggests that the indexation level that maximizes benefit of indexed bonds needs to be country-specific. An indexation level that is appropriate for one country in terms of its effectiveness at preventing Sudden Stops may not be effective for another and may even expose that country to higher risk of facing Sudden Stops.
Debt instruments indexed to real variables (i.e., GDP, commodity prices, etc.) have not been widely employed in international capital markets.
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As Table 3 
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Several studies have explored the costs and benefits of indexed debt instruments in the context of public finance and optimal debt management.
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As mentioned above, Borensztein and Mauro (2004) and Caballero (2002) drew attention to such instruments as possible vehicles to provide insurance benefits to emerging countries. Moreover, Caballero and Panageas (2003) quantified the potential welfare effects of credit lines offered to emerging countries. They used a one-sector model with collateral constraints in which Sudden Stops are exogenous to explore the benefits of such credit lines in smoothing Sudden Stops, interpreting them as akin to indexed bonds. This paper contributes to this literature by modeling indexed bonds explicitly in a dynamic stochastic general equilibrium model in which Sudden Stops are endogenous. Endogenizing Sudden Stops reveals that, depending on the structure of indexation, indexed bonds may amplify the effects 9 CPI-indexed bonds may not provide a hedge against income risks, because inflation is procyclical. 10 Argentina granted GDP-linked payments to international investors as part of debt-restructuring of its 2001 default.
11 I should emphasize, once again, that my motivation is not to understand why those countries do not issue indexed bonds. I rather investigate if those countries were to use indexed bonds, how those bonds would affect macroeconomic fluctuations and Sudden Stops.
12 See, for instance, Barro, 1995; Calvo, 1988; Fischer, 1975; Magill and Quinzil, 1995 ; among others.
of Sudden Stops.
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This paper is related to studies in several strands of macroeconomics and international finance literature. The model has several features common to the literature on precautionary saving and macroeconomic fluctuations (e.g., Aiyagari, 1994; Hugget, 1993 
where
The instantaneous utility function (2) is in CRRA form and has an intertemporal elasticity of
is an endogenous discount factor that is introduced to induce stationarity in consumption and asset dynamics. γ is the elasticity of the subjective discount factor with respect to consumption. Mendoza (1991) introduced preferences with endogenous discounting to quantitative small open economy models, and such preferences have since been widely used. The households' budget constraint is
where b t is current bond holdings, and (1 + r + φε t ) is the gross return on bonds. var(ε t )).
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As φ increases, the bonds provide a better hedge against negative income shocks, but at the same time they introduce additional volatility by increasing the returns' variance.
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Implicit in this formulation is that the agents can issue either nonindexed bonds or indexed bonds at a given time. I relax this assumption later in Section 2.3. In our baseline analysis, I
focus on one-asset case because of its tractability and robustness of its solution.
The optimality conditions of the problem facing households can be reduced to the following standard Euler Equation:
along with the budget constraint (3), and the standard Kuhn-Tucker conditions. U c is the derivative of lifetime utility with respect to consumption.
As discussed before, indexed bonds with returns indexed to the exogenous shock are not able to complete the market; they just partially complete it by providing the agents with the means for a comparison of quantitative implications of endogenous discounting with that of constant discounting. 16 Note that I make an exogenous market incompleteness assumption. Modeling endogenous market incompletenessà la Perri and Kehoe (2000) , among others, is beyond the scope of this paper. 17 Note that with this functional form, the return is indexed to coupon payments. I also analyzed the case in which the return is indexed to the principal as well as the coupon payments. Such an indexation scheme requires the gross return to be (1 + r)(1 + φε t ). I found that the results with this specification are very close to the ones in this paper. I present the results with indexation to coupon payments, because that is how countries issued indexed bonds including Argentina.
18 I do not claim that there is any theoretical or practical reason for the households to choose this specific functional form for indexed bonds return. I use this functional form, because it simply allows us to analyze how macroeconomic fluctuations are affected for various levels of bonds return that imply higher volatility in return but at the same time better hedge to income fluctuations.
to hedge against fluctuations in endowment income. If I call (1 + r + φε)b t financial income, the underlying goal to complete the market would be to keep the sum of endowment and financial incomes constant and equal to the mean endowment income (i.e., (1+ε t )y
Clearly, one can keep this sum constant only if the bonds' returns are state-contingent (i.e., contingent on both the exogenous shock and the debt stock, which requires
or if agents can trade Arrow securities (i.e., there are as many assets as the number of state of nature). Moreover, indexed bonds introduce a tradeoff: on one the hand, they hedge income fluctuations but on the other hand, they introduce interest rate fluctuations.
Given the income uncertainty, and the incompleteness of the insurance market, households' engage in precautionary savings to hedge away the risk of attaining "catastrophic" levels of income. They accomplish this task by imposing on themselves a debt limit (i.e., the natural debt limit), given by the annuity value of the worst income realizations. Indexation of the return reduces the incentives for precautionary savings against low realizations of income shocks but it might introduce incentives to save against high realizations of income shocks if the degree of indexation is such that the repayments to the rest of the world outweigh the additional income received in those states. (I provide a formal analysis of this point below).
Exploring the overall implications of indexation in different dimensions requires a detailed analysis of the model economy presented above. For this purpose, I perform a series of numerical exercises presented below.
Dynamic programming representation
The dynamic programming representation of the household's problem is as follows:
Here, the endogenous state-space is given by B = {b 1 < ... < b N B }, which is constructed using N B = 1, 000 equidistant grid points. The exogenous Markov process is assumed to have two
by solving the above problem via a value-function iteration algorithm.
Calibration
The parameter values used to calibrate the model are summarized in Table 1 . The CRRA parameter σ is set to 2, the mean endowment y T is normalized to one, and the gross interest rate is set to the quarterly equivalent of 6.5 percent, following values used in the small open economy RBC literature (see, for example, Mendoza, 1991) . The steady state debt-to-GDP ratio is set to 35 percent, which is in line with the estimate for the net asset positions of Turkey (see Lane and Milesi-Ferretti, 1999) . The elasticity of the subjective discount factor follows from the Euler Equation for consumption evaluated in steady state:
The standard deviation of the endowment shock is set to 3.51 percent and the autocorrelation is set to 0.524; those values are the standard deviation and the autocorrelation of tradable output for Turkey given in Table 4 . Using the "simple persistence" rule, I construct a Markovian representation of the time series process of output. The transition probability matrix P of the shocks follows:
where i, j = 1, 2; Π i is the long-run probability of state i; and I i,j is an indicator function, which equals 1 if i = j and 0 otherwise, ρ ε is the first-order serial autocorrelation of the shocks. I set Π i to 0.5, assuming a symmetric markov chain. This assumption along with autocorrelation of output process, estimated from data implies the following values for the transition probability matrix:
Simulation results
To show the effect of indexation on consumption smoothing, I report long-run values of the key macroeconomic variables, such as mean bond holdings (a measure of precautionary savings), volatility of consumption, correlation of consumption with income (which measures the extent to which income fluctuations affect consumption fluctuations) and serial autocorrelation of consumption (which measures the persistence of consumption, see Table 5 ). Without indexation Table 5 reveals. However, the absolute values of the differences in welfare are quite small.
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The above results are driven by the changes in the ability to hedge income fluctuations with indexed bonds. This hedging ability is affected by the degree of indexation because indexation alters the incentives for precautionary savings. In particular, it has a significant effect on determining the state of nature that defines the catastrophic level of income at which household reach their natural debt limit. The natural debt limit (ψ) is the largest debt that the economy can support to guarantee non-negative consumption in the event that income remains at its catastrophic level almost surely; that is,
With nonindexed bonds, the catastrophic level of income is realized with a negative endowment shock. When the bond holdings approach the natural debt limit, consumption approaches zero, which leads to infinitely negative utility. Hence, agents have strong incentives to avoid holding levels of bonds lower than the natural debt limit. To guarantee positive consumption almost surely in the event that income remains at its catastrophic level, agents engage in strong precautionary savings. An increase (or decrease) in this debt limit strengthens (or weakens) the incentive to save, because the level of bond holdings that agents would try to avoid would be higher (or lower). With indexation, the natural debt limit can be determined at either negative or positive realization of the endowment shock, depending on which yields the lower income (i.e., determines the catastrophic level of income). To see this effect, notice that using the budget constraint, when the shock is negative,
For the ranges of values of φ where r − φε < 0, Equation 10 yields an upper bound for the bond holdings; i.e., ψ L ≤ −(1 − ε)y/(r − φε). Hence, in this range, negative shock will not play any role in determining the natural debt limit. Again using the budget constraint, positive endowment shock implies the following natural debt limit:
Combining the two equations yields the following formula:
Further algebra suggests that when
or φ < r, the natural debt limit is sound in the state of nature with a negative endowment shock. In this case, ∂ψ/∂φ < 0; that is, increasing the degree of indexation decreases the natural debt limit or weakens the precautionary savings incentive. However, if
1−ε 1+ε
> r−φε r+φε or φ > r, then ∂ψ/∂φ > 0, that is, increasing the degree of indexation increases the natural debt limit or strengthens the precautionary savings incentive. Table 6 shows calculations for these natural debt limits as functions of the degrees of indexation, along with the corresponding returns in both states (R i t = 1 + r + φε t ), and confirms the analytical results derived above. When the degree of indexation is less than 0.0159, the natural debt limit is determined by the negative shock; and it decreases (i.e., becomes looser) as φ increases. When φ is greater than 0.0159, the debt limit is determined by the positive shock, and it increases (i.e., becomes tighter) as φ increases (the corresponding limits are shown in bold in Table 6 ). In the full-indexation case, for example, this debt limit is −20.09, whereas the corresponding value is −61.49 in the nonindexed case (since, the endowment is normalized to 1, those nominal values of debt limit are in units of GDP). In other words, in the full-indexation case, positive endowment shocks decrease the catastrophic level of income to one third of the value in the nonindexed case. This decrease, in turn, sharply strengthens the precautionary savings motive.
To understand the role of indexation on volatility of consumption, I perform a variance decomposition analysis. Higher indexation provides a better hedge to income fluctuations by increasing the covariance of the trade balance (tb =b − R i t b) with income (because in good (or bad) times agents pay more (or less) to the rest of the world). Higher indexation, however, also increases the volatility of the trade balance because it introduces interest rate fluctuations. To pin down the effect of indexation on these variables, I perform a variance decomposition using the following identity: In summary, when the degree of indexation is higher than a critical value (as with fullindexation), the precautionary savings motive is stronger and the volatility of consumption is higher than in the nonindexed case. These results arise because the natural debt limit is higher at higher levels of indexation and because the increased volatility in the trade balance far outweighs the improvement in the co-movement of the trade balance with income.
The results suggest that to improve macroeconomic variables, the indexation level should be low. When φ is lower than 0.25, agents can better hedge against fluctuations in endowment income than when φ is at higher levels. In this case, the precautionary savings motive is weaker, the volatility of consumption is smaller, and consumption is more persistent. When φ is in the [0.10, 0.25] range, the correlation of consumption with income approaches zero and the autocorrelation of consumption nears unity. These values resemble the results that could be attained in the full-insurance scenario, and they suggest that partial indexation is optimal.
The results using a frictionless one-sector model shed light on the implications of indexed bonds. The findings in this section suggest that the hedge provided by indexed bonds is imperfect and that the implications of indexed bonds depend on the degree of indexation of the bonds.
The implications of indexation could be a nonmonotonic function of the degree of indexation.
For values of this variable that are higher than a certain threshold, households may end up being worse off with indexation than without it. cardinal utility function (see Equation (1), where the utility function (2) is in CRRA form).
The two-sector model with financial frictions
The consumption aggregator is represented in constant elasticity of substitution (CES) form as follows:
where 1/(1 + µ) is the elasticity of substitution between consumption of tradables and nontradables and where ω is the CES weighting factor.
The households' budget constraint is
where p N t is relative price of nontradables. (The rest of the variables are defined as in the frictionless one-sector model). Here, the returns of the bonds are indexed to the terms of trade shock.
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In addition to the budget constraint, foreign creditors impose the following borrowing constraint, which limits debt issuance as a share of total income at period t not to exceed κ:
The borrowing constraint takes a similar form to those used in the Sudden Stops literature to are not based on a contracting problem between lenders and borrowers, they are realistic in the sense that they resemble the risk management tools used in international capital markets, such as the Value-at-Risk models that investment banks use. 21 Although returns are indexed to terms of trade shock, my modeling approach potentially sheds light on the implications of RER indexation as well. In this model, the aggregate price index (i.e., the RER) is an increasing function of the relative price of nontradables (p N ), which is determined at equilibrium in response to endowment shocks.
The optimality conditions are: 
Dynamic programming representation
With introduction of liability dollarization and the borrowing constraint, the dynamic programming of the households' problem is updated as follows:
As in the previous one-sector model, the endogenous state-space is given by B = {b 1 < .. 18) as well as the optimality condition given in Equation (17) . Then, I calculate the implied value-function using the optimal b and iterate to convergence.
Calibration
I calibrate the model such that aggregates in the non-binding case match certain aggregates of Turkish data. In addition to the parameters used in the frictionless one-sector model, I
introduce the following parameters, the values of which I summarize in Table 2 . 
Simulation results
The stochastic simulation results are divided into three sets. In the first set, which I refer to as the frictionless economy, the borrowing constraint never binds. In the second set of results, which I refer to as the constrained economy, the borrowing constraint occasionally binds and households can issue only nonindexed bonds. In the last set, which I refer to as the indexed economy, borrowing constraint occasionally binds but households can issue indexed bonds. Table 8 presents the long-run business cycle statistics for the simulations. Relative to the frictionless economy, the correlation of consumption with the tradables endowment is higher in the constrained economy. In line with this strong co-movement, the persistence (autocorrelation) of consumption is lower in the constrained economy.
Behavior of the model can be divided into three ranges. In the first range, debt is sufficiently low that the constraint is not binding. In this case, the response of the constrained economy to a negative endowment shock is similar to that of the frictionless economy, and a negative endowment shock is smoothed by a widening in the current account deficit as a share of GDP.
In addition debt levels are too high in a range of bond holdings. In this range, the constraint always binds regardless of the endowment shock. At more realistic debt levels, however, where the constraint only binds when the economy suffers a negative shock, the model with nonindexed In Figure 4 , I plot the conditional forecasting functions of the frictionless and constrained economies for tradables consumption, aggregate consumption, the relative prices of nontradables, and the current account-GDP ratios, in response to an endowment shock of one-standard deviation. These forecasting functions are conditional on the 229th bond grid, which is one of the Sudden Stop states and has a long-run probability of 0.47 percent, and they are calculated as percentage deviations from the long-run means of their frictionless counterparts.
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As the graphs suggest, the response of the constrained economy is dramatic. The endowment shock results in a 4.1 percent decline in tradable consumption, compared with a decline of only 0.9 percent in the frictionless economy. In line with the larger collapse in the tradables consumption, the responses of aggregate consumption and the relative price of nontradables are more dramatic in the constrained economy than in the frictionless economy. Whereas households in the frictionless economy are able to absorb the shock via adjustments in the current account (the current account deficit slips to 1.4 percent of GDP), households in the constrained economy cannot because of the binding borrowing constraint (the current account shows a surplus of 0.02 percent of GDP). These figures also suggest that the effects of Sudden Stops are persistent. It takes more than 40 quarters for these variables to converge back to their long-run means.
Figures 5, 6, and 7 compare the detrended conditional forecasting functions of the constrained economy with that of the indexed economy to illustrate how indexed bonds can help smooth 22 Bond holdings on that grid point are equal to -0.674, which implies a debt-to-GDP ratio of 30 percent.
Sudden Stop dynamics (the degrees of indexation are provided on the graphs).
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As Figure 5 suggests, when the degree of indexation is 0.05, indexed bonds provide little improvement over the constrained case; indeed, the difference in the forecasting functions is not visible. When indexation reaches 0.10, however, the improvements are minor yet noticeable. At this degree of indexation, aggregate consumption rises 0.11 percent, tradables consumption rises 0.24 percent, and the relative price of nontradables increases 0.30 percent.
With increases in the degree of indexation to 0.25 and 0.45, the initial effects are relatively small. Figure 6 suggests that the improvements in tradables consumption are close to 1 percent and 1.8 percent when the degrees of indexation are 0.25 and 0.45, respectively. Figure 7 suggests that when the degree of indexation becomes higher, 0.7 and 1.0, for example, tradables consumption and aggregate consumption fall below the constrained case after the fourth quarter and stay below for more than 30 quarters, despite the initially small effects of a negative endowment shock. In other words, degrees of indexation higher than 0.45 in an indexed economy imply more pronounced detrimental Sudden Stop effects than in a constrained economy. to smooth the effects of Sudden Stops. As Table 9 suggests, when the degree of indexation is 0.05, indexed bonds provide little improvement. As the degree of indexation increases, the initial impact of a negative endowment shock on key variables decreases. In this case, debt relief accompanies a negative endowment shock, and that relief helps reduce the initial impact of a binding borrowing constraint. Hence, the depreciation in the relative price of nontradables is milder, an effect that, in turn, prevents Fisherian debt deflation. Table 9 also suggests that although the smallest initial impact of a negative endowment shock occurs when the degree of indexation is unity (full-indexation), this level of indexation has significant adverse effects if a positive shock occurs. In this case, households must pay a significantly higher interest rate over and above the risk-free rate. Although the constrained economy is not vulnerable to a Sudden Stop when a positive endowment shock occurs, agents in such an economy face a Sudden Stop from a sudden jump in debt-servicing costs.
Hence, my analysis suggests that households face a tradeoff when they engage in debt contracts with high degrees of indexation. If the households are hit by a negative endowment shock, 23 These forecasting functions are detrended by taking the differences relative to the frictionless case.
highly indexed bonds can allow them to absorb the shock without suffering severely in terms of consumption. Such a shock might trigger a Sudden Stop if households were to borrow instead using nonindexed bonds (the initial effects are closest to the frictionless case when the degree of indexation is 1). If households receive a positive endowment shock, however, the initial effects are larger in the indexed economy (where the degree of indexation equals 1) than in the constrained economy (e.g., the impact on tradable consumption jumps from -1.1 percent to -6.7 percent).
Analyzing the results in columns 3-9 of Table 9 shows that degrees of indexation in the [0.45,
1.0] interval lead to stronger Sudden Stop effects. If one takes the average of initial responses
across the high and the low states in this range of values, one finds that the minimum of those averages is attained when the degree of indexation is 0.25, a result suggesting that households with concave utility functions would attain a higher utility with this consumption profile than ones achieved with indexation levels higher than 0.25.
In Figure 8 , I plot the time-series simulations of the frictionless, constrained, and indexed economies. The simulations are derived first by generating a random, exogenous endowmentshock process using the transition matrix, P, and then by feeding these series into each of the respective economies. As the graphs reveal, although patterns of consumption in each economy mostly move together, in some cases (around periods 2000, 3600, 6500, and 8800), sharp declines in constrained economy are seen. Those declines correspond to Sudden Stop episodes. In those cases, a consecutive series of negative endowment shocks makes the constraint binding, which in turn triggers a debt deflation that leads to a collapse in consumption.
When the return is indexed and the degree of indexation is 0.05 (top right graph), the volatility of consumption is noticeably lower than in the constrained case, and collapses in consumption during Sudden Stop episodes are milder. When the degree of indexation increases to 0.45, however, the volatility of consumption significantly increases, and more frequent collapses occur than the constrained case. When the degree of indexation is 1.0, a spike in volatility and much more frequent and sizeable collapses in consumption occur than the economies with lower degrees of indexation. The simulations illustrate that when indexation is full, the effect on consumption can be significantly negative, and moreover that indexation can yield benefits for consumption volatility only if the degree of indexation is quite low. 
Discussions, Extensions and Sensitivity Analysis
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The first block in Table 10 presents key long-run statistics, which are nearly identical to the ones presented in Table 5 ; in fact, for a given indexation level, the statistics are the same out to two decimal points. Hence, the results are robust to the number of state variables used in the Markov process.
Standard Deviation of the Endowment Shock. Next, I increase the standard deviation of the exogenous endowment shock to 4.5 percent. As Table 10 suggests, when bonds are not indexed, the precautionary savings motive is stronger, and consumption is more volatile;
consumption displays greater correlation with income when variation in the magnitude of the exogenous endowment shock increases. Comparing Table 10 with Table 5 for the indexed case, I
24 Original Tauchen (1981) approach can also be used for this purpose. Persistence of the Endowment Shock. Next, I evaluate the changes in results that arise when one lowers the autocorrelation of the endowment shock using the one-sector model.
Compared with the baseline results given in Table 5 Judd, Kruber and Schmedders (2000) review the methods that can ease the portfolio allocation problems when using global approximation methods.
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One of the methods heavily employed in the literature and thoroughly discussed in Judd et. al. is the introduction of transaction costs to trading one of the assets. Those transaction costs, which are quantitatively small in the stochastic steady state, help to differentiate between the two assets. Without those costs, it is impossible to get a well defined portfolio allocation of assets as the differences of higher order moments of assets are not sufficient to differentiate between the two assets in the equilibrium at the machine precision. I also use transaction costs while solving the two-asset case.
The modified dynamic programming problem with the two-assets and transaction costs in the one-sector model can be summarized as follows:
where δ is the transaction cost of trading indexed bonds. I set this transaction cost to a small value of 0.08. simply attain a constant level of consumption volatility for various degrees of indexation. This result confirms that the nonmonotonic relationship between the degree of indexation and the benefits that indexation introduces also arise in this case with two-assets.
Next, I plot the limiting distributions of indexed and nonindexed bonds in the stochastic steady state to illustrate the nondegeneracy of the solution. As Figure 9 shows, distributions are well-defined for all cases. The only exceptions seem to be with φ equals 0.1 and 0.2. In those cases, distributions do not look as dispersed as in the other cases. However, even excluding the corresponding moments with those levels of indexation, the nonmonotonicity result still holds.
Investors' preferences towards risk. Through out my analysis, I assumed that investors are risk-neutral and that as long as the expected returns are the same for indexed and nonindexed bonds, they are indifferent holding either type of assets. It is reasonable to argue that investors may me risk-averse. I conjecture that in such a case, investors would charge a premium for indexed bonds, which would then increase the cost of indexation and that the threshold degree of indexation would be lower. I leave out this analysis due to space limitation.
Relative Openness of the Economy. As a final robustness check, I examine the effect of increasing the size of nontradables sector. The results are summarized in Table 12 . I set the y N /y T ratio to 1.6, implying that the degree of openness of the country is lower than in the baseline case. Not surprisingly, the model in this case captures the empirical regularities of an economy with less financial integration than the baseline case. In particular, consumption is more volatile than in the baseline case (for instance, the volatility of the tradables consumption in the frictionless economy increases to 1.6 percent, compared to the baseline value of 1.5 percent), and the co-movement of consumption with income is stronger (the correlation of tradables consumption with income in the frictionless economy increases to 0.75 from the baseline value of 0.69). Comparing the initial responses of each of these economies to a 1-standard-deviation endowment shock, one finds that the response of the constrained economy with a higher share of nontradable output is stronger than that of the one with baseline parameters, an outcome that suggests that the debt-deflation process is more severe in the economy with higher share of nontradable output. This result is consistent with the empirical evidence on the relationship between the degree of openness and the severity of Sudden Stops (see Calvo et al., 2003) . To compare the optimal indexation levels across different parameterizations, I compare the average responses of the economies in the high and the low states to a 1-standard-deviation endowment shock. The results suggest that the minimum average response is attained when the degree of indexation is 0.25, which is the same degree of indexation in the baseline results. This result, however, depends on the coarseness of the indexation intervals with which one is solving the problem. Economic intuition suggests that lower financial integration would require higher indexation levels to smooth exogenous shocks better.
The sensitivity analysis presented in this section suggests that the optimal indexation level depends on country-specific characteristics such as the properties of the exogenous shock, including its persistence and its volatility as well as relative openness of the country. Hence, the optimal degree of indexation must be country specific, because it is highly likely that each emerging country receives shocks with different statistical properties or each country has different levels of integration with the rest of the world. The findings of this paper suggest that although indexed bonds might aid many countries in averting or at least mitigating the effects of Sudden Stops in emerging markets, an indexation level appropriate for one country might not be optimal for another.
Conclusion
Recent policy proposals argue that indexing the debt of emerging markets could help prevent Moreover, in the event of a positive shock, the economy is vulnerable to a Sudden Stop even though such a shock would never trigger a Sudden Stop in an economy in which household facing borrowing constraints could issue only nonindexed bonds. In this case, a positive shock commands higher repayment, which increases the need for larger amount of borrowing, this shift can make the borrowing constraint suddenly binding, and trigger a debt-deflation.
To conclude, the degree of indexation is a critical variable that determines the overall benefits that indexation introduces, and that a critical value of this variable, which maximizes the benefit of indexation (i.e., optimal degree of indexation) exists. This optimal value depends on the persistence and the volatility of the exogenous shocks a given country experiences as well as on the size of the country's nontradables sector relative to its tradables sector (i.e., the openness of the country). Hence, in terms of policy implications, my analysis reveals that the degree of indexation is a key variable that should optimally be chosen to smooth Sudden Stops; moreover this value should be country specific.
In my analysis, I assumed that investors are risk neutral and that indexing debt repayments would not require them to obtain country specific information. Indexed returns, however, may affect investors' incentives to collect country specific information. The implications of introducing risk-averse investors or informational costs in a dynamic framework are left for future research. The model also can be used to explore the implications of indexation to the relative price of nontradables, or to the CPI, but that is also left for further research. Notes: The first column is the frictionless economy, the second column is the constrained economy, and the rest of the columns are for the economy with borrowing constraints and indexed bonds (with given degrees of indexation). Standard deviations are percentages. Notes: The first column is the frictionless economy, the second column is the constrained economy, and the rest of the columns are for the economy with borrowing constraints and indexed bonds (with given degrees of indexation). Initial responses are calculated as percentage deviations relative to the long-run mean of the frictionless economy. Note: Resulting transition matrix for seven-state markov chain is approximated using the method described in Tauchen and Hussey (1991) . Standard deviations are percentages. Notes: y N /y T ratio is set to 1.6 in this analysis. Standard deviations are percentages of the mean. The first column is the frictionless economy, the second column is the constrained economy, and the rest of the columns are for the economy with borrowing constraints and indexed bonds (with given degrees of indexation). Note: On the top left graph, the dotted line is the tradable consumption series for the frictionless economy. The solid line is the series for the constrained economy. Consumptions are in percentage deviations from their corresponding means. The first 1,000 periods have been excluded from the graphs to focus on the data which are independent of initial conditions. Space limitations require us to leave out the figures associated with other degrees of indexation.
